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(54) Bobbin and rotary electric machine comprising such a bobbin

(57) A bobbin for electrically insulating the stator core
from a coil wire to be wound around the bobbin includes:
a coil winding portion around which the coil wire is to be
wound; and a terminal fixing portion to which a winding
starting end portion and a winding finishing end portion
of the coil wire are to be fixed. The terminal fixing portion
includes a first groove configured to guide a winding start-
ing section extending from the winding starting end por-

tion of the coil wire to a winding starting position of the
coil winding portion and a second groove configured to
guide a winding finishing section extending from a wind-
ing finishing position of the coil winding portion to the
winding finishing end portion of the coil wire to intersect
the winding starting section when seen in an axial direc-
tion.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] An embodiment disclosed herein relates to a
bobbin and a rotary electric machine provided with the
bobbin.

Description of the Related Art

[0002] There is known a rotary electric machine that
includes an armature core, teeth protruding inward from
the armature core at a regular interval in a circumferential
direction, armature coils wound around the teeth in a so-
called concentrated winding manner in which a coil of a
single pole and a single phase is concentratedly wound
around each of the teeth, and bobbins mounted within
slots provided between the adjacent teeth and configured
to accommodate the armature coils (see, e.g., Japanese
Patent Application Publication No. H09-308142).
[0003] In the rotary electric machine, the ends of coil
wires drawn out from the respective bobbins are con-
nected by a wire connection substrate in a specified wire
connection pattern. If the wire connection pattern formed
in the wire connection substrate grows complex, it is nec-
essary to use a multi-layer substrate. This may possibly
lead to an increase in the size of the rotary electric ma-
chine and an increase in the costs. Accordingly, there is
a need to simplify the wire connection pattern of the wire
connection substrate.

SUMMARY OF THE INVENTION

[0004] In view of the above, the embodiment disclosed
herein provides a bobbin capable of simplifying a wire
connection pattern of a wire connection substrate, and a
rotary electric machine provided with the bobbin.
[0005] In accordance with an aspect of the present dis-
closure, there is provided a bobbin adapted to be mount-
ed to a stator core of a rotary electric machine and con-
figured to electrically insulate the stator core from a coil
wire to be wound around the bobbin, the bobbin including:
a coil winding portion around which the coil wire is to be
wound; and a terminal fixing portion to which a winding
starting end portion and a winding finishing end portion
of the coil wire are to be fixed, wherein the terminal fixing
portion includes a first groove configured to guide a wind-
ing starting section extending from the winding starting
end portion of the coil wire to a winding starting position
of the coil winding portion and a second groove config-
ured to guide a winding finishing section extending from
a winding finishing position of the coil winding portion to
the winding finishing end portion of the coil wire to inter-
sect the winding starting section when seen in an axial
direction.
[0006] According to the present disclosure, it is possi-

ble to simplify the wire connection pattern of the wire
connection substrate

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

Fig. 1 is a longitudinal sectional view showing the
overall configuration of a rotary electric machine pro-
vided with a bobbin according to an embodiment.
Fig. 2 is a cross sectional view taken along the line
II-II in Fig. 1, showing the rotary electric machine
provided with the bobbin according to the embodi-
ment.
Fig. 3 is an explanatory view showing one arrange-
ment example of bobbins in the rotary electric ma-
chine according to the embodiment.
Fig. 4 is a perspective view of the bobbin according
to the embodiment.
Fig. 5 is a plan view of the bobbin according to the
embodiment.
Fig. 6 is a front view of major portions of the bobbin
according to the embodiment.
Fig. 7 is a plan view of one bobbin wound with a coil
wire, showing the bobbin according to the embodi-
ment.
Fig. 8 is a plan view of another bobbin wound with a
coil wire, which is adjacent to the bobbin shown in
Fig. 7, showing the bobbin according to an embod-
iment.
Fig. 9 is a plan view showing a front surface of a
substrate in the rotary electric machine according to
the embodiment.
Fig. 10 is a plan view showing a rear surface of the
substrate in the rotary electric machine according to
the embodiment.
Fig. 11 is a view for explaining an arrangement ex-
ample of bobbins in a rotary electric machine accord-
ing to a comparative example.
Fig. 12 is a plan view showing a front surface of a
substrate in the rotary electric machine according to
the comparative example.
Fig. 13 is a plan view showing a rear surface of the
substrate in the rotary electric machine according to
the comparative example.
Fig. 14 is a perspective view of a bobbin according
to a modified example of the embodiment, in which
a substrate mounting protrusion is arranged on a ter-
minal surface of a substrate mounting portion.
Fig. 15 is a plan view of the bobbin according to the
modified example.
Fig. 16 is a plan view of one bobbin wound with a
coil wire, showing the bobbin according to the mod-
ified example.
Fig. 17 is a plan view of another bobbin wound with
a coil wire, which is adjacent to the bobbin shown in
Fig. 16, showing the bobbin according to the modi-
fied example.
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Fig. 18 is a plan view of one bobbin in a rotary electric
machine according to another modified example in
which two kinds of bobbins are used.
Fig. 19 is a plan view of the bobbin wound with a coil
wire, showing the bobbin shown in Fig. 18.

DESCRIPTION OF THE EMBODIMENTS

[0008] An embodiment will now be described in detail
with reference to the accompanying drawings.

<Configuration of Rotary Electric Machine>

[0009] First, the configuration of a rotary electric ma-
chine 1 in accordance with an embodiment will be de-
scribed with reference to Figs. 1 and 2. As shown in Fig.
1, the rotary electric machine 1 includes a stator 2 and a
rotor 3. The rotary electric machine 1 is an inner-rotor-
type motor in which the rotor 3 is arranged inside the
stator 2. The rotary electric machine 1 may be a gener-
ator. The stator 2 is arranged on an inner circumferential
surface of a frame 4 through a laminated core ring 5 to
radially face the rotor 3.
[0010] As shown in Fig. 2, the stator 2 includes a lam-
inated core ring 5, a laminated core body 6 (a stator core),
a plurality of bobbins 20 mounted to the laminated core
body 6 and a plurality of coil wires 7 wound on the bobbins
20. The bobbins 20 are made of an insulating material
(a resin or the like) in order to electrically insulate the
laminated core body 6 from the coil wires 7. A substrate
8 (a wire connection substrate) is arranged at one axial
end (the left end in Fig. 1) of the bobbins 20.
[0011] The circuit arranged in the substrate 8 and the
coil wires 7 wound on the bobbins 20 are electrically con-
nected to each other through two square-bar-shaped pin
terminals 9. As shown in Fig. 3, a winding starting end
portion 7a and a winding finishing end portion 7b of each
of the coil wires 7 are wrapped around the corresponding
pin terminals 9 and are fixed by, e.g., solders (not shown).
[0012] The rotor 3 is formed of a permanent magnet
and is provided on an outer circumferential surface of a
shaft 10. The shaft 10 is rotatably supported by a load-
side bearing 12 whose outer race is fitted to a load-side
bracket 11 provided at the load side (the right side in Fig.
1) of the frame 4 and a counter-load-side bearing 14
whose outer race is fitted to a counter-load-side bracket
13 provided at the counter-load side (the opposite side
to the load side, i.e., the left side in Fig. 1) of the frame
4. An encoder 15 is provided at the counter-load-side
end portion of the shaft 10. The encoder 15 is covered
with an encoder cover 16.
[0013] The laminated core body 6 is provided with a
plurality of (e.g., twelve in Fig. 2) radial projections 18
which protrude radially outward. The bobbins 20 wound
with the coil wires 7 are mounted to the respective pro-
jections 18 from the radial outer side. As shown in Fig.
2, in each of recesses 19 between the adjacent projec-
tions 18, the side portions of the bobbins 20 mounted to

the respective projections 18, at which the winding layers
of the coil wires 7 face each other, are disposed in a
spaced-apart relationship with each other.
[0014] The bobbins 6 wound with the coil wires 7 are
mounted to the laminated core body 6 and are then fixed
to the inner circumferential surface of the laminated core
ring 5 having an annular shape, thereby forming the stator
2. The stator 2 thus formed is mounted to the inner cir-
cumferential surface of the frame 4. Thereafter, a resin
is introduced into the recesses 19, whereby the bobbins
20 and the coil wires 7 are molded with the resin.

<Slot Combination of Rotary Electric Machine 1>

[0015] In the present embodiment, the rotary electric
machine 1 is a rotary induction motor using a three-phase
alternating current. As shown in Fig. 3, slot combination
in section of the rotary electric machine 1 includes ten
poles and twelve slots (10P and 12S) in case of a per-
manent magnet synchronous motor. In this slot combi-
nation, as shown in Fig. 3, the bobbins 20 (namely, the
bobbins 20A and 20B) corresponding to the coils having
the same phase but differing 180 degrees in electrical
angle from each other are disposed adjacent to each
other.
[0016] In Fig. 3, U, V and W designate the bobbins 20
corresponding to a U-phase, a V-phase and a W-phase.
U, V and W designate the bobbins 20 differing 180 de-
grees in electrical angle from the bobbins U, V and W
(This holds true in Fig. 7). In Fig. 3, further, the relation-
ship of the wire connection patterns of individual phases
in the substrate 8 to be described below is indicated by
double-dot chain lines or single-dot chain lines.

<Detailed Structure of Bobbins 20>

[0017] Next, the detailed structure of each of the bob-
bins 20 will be described with reference to Figs. 4 to 8.
In the rotary electric machine 1, the bobbins 20 (twelve
bobbins 20 in the present embodiment) mounted to the
laminated core body 6 has the same structure. As shown
in Figs. 4 to 6, each of the bobbins 20 includes a sub-
stantially quadrilateral frame-like trunk portion (a coil
winding portion) 21 wound with the coil wire 7, a first
flange portion 22 formed along the edge of one end of
the trunk portion 21, a second flange portion 23 formed
along the edge of the other end of the trunk portion 21,
and a substrate mounting portion 24 installed in the sec-
ond flange portion 23 to mount thereon the substrate 8
and provided with a terminal fixing portion for fixing the
winding starting end portion 7a and the winding finishing
end portion 7b of the coil wire 7, which will be described
later.
[0018] The trunk portion 21 includes coil winding sur-
faces 21a opposite to each other in the axial direction
10a of the stator 2 (the left-right direction in Fig. 1 and
the up-down direction in Fig. 4) and coil winding surfaces
21b opposite to each other in the circumferential direction
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of the stator 2. The trunk portion 21 is formed into a hollow
prismatic shape and is provided with a hollow portion 25
into which the projection 18 of the laminated core body
6 is inserted.
[0019] The first flange portion 22 is formed into a rec-
tangular shape extending along the edge of the one end
of the trunk portion 21 to open one end of the hollow
portion 25. Similarly, the second flange portion 23 is
formed into a rectangular shape extending along the
edge of the other end of the trunk portion 21 to open the
other end of the hollow portion 25. The second flange
portion 23 protrudes from the trunk portion 21 to be larger
in size than the first flange portion 22.
[0020] The substrate mounting portion 24 is provided
at one short side (the upper side in Fig. 4) of the second
flange portion 23. Two pin terminals 9 are inserted into
the substrate mounting portion 24 to protrude from the
upper surface of the substrate mounting portion 24. The
winding starting end 7a and the winding finishing end 7b
of the coil wire 7 are respectively fixed to the pin terminals
9. In the following description, the surface of the substrate
mounting portion 24 into which the pin terminals 9 are
inserted will be referred to as a "terminal surface 24a".
[0021] Two kinds of coil winding methods are em-
ployed in the bobbins 20 in accordance with the present
embodiment. Specifically, in the bobbin 20A shown in
Fig. 7, a winding starting section X from the winding start-
ing end portion 7a of the coil wire 7 to a winding starting
position 7c of the trunk portion 21 and a winding finishing
section Y from a winding finishing position 7d of the trunk
portion 21 to the winding finishing end portion 7b of the
coil wire 7 intersect each other when seen in the axial
direction 10a. The bobbin that employs this coil winding
method will be sometimes referred to as "bobbin 20A"
(first bobbin) herein below.
[0022] In contrast, in the bobbin 20B shown in Fig. 8,
the winding starting section X extending from the winding
starting end portion 7a of the coil wire 7 to the winding
starting position 7c of the trunk portion 21 and the winding
finishing section Y extending from the winding finishing
position 7d of the trunk portion 21 to the winding finishing
end portion 7b do not intersect each other when seen in
the axial direction 10a. The bobbin that employs this coil
winding method will be sometimes referred to as "bobbin
20B" (second bobbin) herein below.
[0023] The terminal surface 24a of the substrate
mounting portion 24 has a structure that enables the
winding starting section X and the winding finishing sec-
tion Y of the coil wire 7 to easily intersect each other.
Specifically, as shown in Figs. 4 to 6, a first groove 24b
which guides the winding starting section X of the coil
wire 7 and a second groove 24c which guides the winding
finishing section Y of the coil wire 7 to intersect the wind-
ing starting section X are provided in the terminal surface
24a of the substrate mounting portion 24. A third groove
24d and a fourth groove 24e, which respectively guide
the winding starting section X and the winding finishing
section Y of the coil wire 7 not to intersect each other,

are provided in the terminal surface 24a of the substrate
mounting portion 24.
[0024] A recess 24h deeper than the grooves 24b to
24d is formed in an end portion of the third groove 24d
at the side of the trunk portion 21. The recess 24h guides
the winding starting section X of the coil wire 7 to the
winding starting position 7c of the trunk portion 21. Par-
ticularly, as shown in Fig. 7, in the bobbin 20A in which
the winding starting section X and the winding finishing
section Y of the coil wire 7 intersect each other when
seen in the axial direction 10a, the coils 14 guided by the
first groove 24b is fitted in the recess 24h. Thus, a height
difference occurs between the winding starting section
X and the winding finishing section Y of the coil wire 7.
This makes it possible to have the winding starting sec-
tion X and the winding finishing section Y intersect each
other while avoiding mutual interference of the winding
starting section X and the winding finishing section Y.
[0025] Four pin holes 24A to 24D, into which the pin
terminals 9 are inserted, are formed in the terminal sur-
face 24a of the substrate mounting portion 24. The two
pin terminals 9 are selectively inserted into one of the pin
holes 24A and 24C and one of the pin holes 24B and
24D, respectively. The pin holes 24A and 24C are spaced
apart by a predetermined distance in the rotation direc-
tion of the rotor 3 (in the direction indicated by an arrow
A in Fig. 5). Similarly, the pin holes 24B and 24D are
spaced apart by a predetermined distance in the rotation
direction of the rotor 3 (in the direction indicated by the
arrow A in Fig. 5).
[0026] As shown in Fig. 7, in the bobbin 20A in which
the winding starting section X and the winding finishing
section Y of the coil wire 7 intersect each other when
seen in the axial direction 10a, the pin terminal 9 (first
pin) for winding the winding starting end portion 7a of the
coil wire 7 is inserted into the pin hole 24A (first pin hole),
and the pin terminal 9 (second pin) for winding the wind-
ing finishing end portion 7b of the coil wire 7 is inserted
into the pin hole 24B (second pin hole).
[0027] On the other hand, as shown in Fig. 8, in the
bobbin 20B in which the winding starting section X and
the winding finishing section Y of the coil wire 7 do not
intersect each other when seen in the axial direction 10a,
the pin terminal 9 (first pin) for winding the winding start-
ing end portion 7a of the coil wire 7 is inserted into the
pin hole 24D (first pin hole), and the pin terminal 9 (second
pin) for winding the winding finishing end portion 7b of
the coil wire 7 is inserted into the pin hole 24C (second
pin hole). The insertion positions of the pin terminals 9
shown in Fig. 4 correspond to the bobbin 20B.
[0028] In the rotary electric machine 1, as shown in
Fig. 3, the bobbin 20A and the bobbin 20B are alternately
arranged to adjoin each other in the circumferential di-
rection. Specifically, with respect to the U-phase, the V-
phase and the W-phase, the bobbins 20A and 20B cor-
responding to the coils differing 180 degrees in electrical
angle from each other are disposed adjacent to each
other. The positions of the winding starting end portion
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7a and the winding finishing end portion 7b of the coil
wire 7 in the bobbin 20A are opposite to those in the
bobbin 20B along the rotation direction. Therefore, if the
bobbin 20A and the bobbin 20B are disposed adjacent
to each other, the winding finishing end portions 7b of
the coil wires 7 can adjoin each other in each of the phas-
es.

<Circuit Configuration of Substrate 8>

[0029] Circuit patterns for connecting the coil wires 7
of the respective bobbins 20 in a predetermined pattern
(in a wire connection pattern shown in Fig. 3) are formed
in the substrate 8. Fig. 9 shows a circuit pattern formed
on a front surface 8A of the substrate 8. Fig. 10 shows a
circuit pattern formed on a rear surface 8B of the sub-
strate 8. In Figs. 9 and 10, reference symbols PU, PV
and PW designate wire connection patterns for connect-
ing the winding finishing end portions 7b of the coil wires
7 of the adjacent bobbins 20A and 20B in each of the U-
phase, the V-phase and the W-phase. Each of the wire
connection patterns PU, PV and PW is formed by inter-
connecting adjacent through-holes 8a.
[0030] The present embodiment will be described us-
ing a comparative example shown in Figs. 11 to 13. As
shown in Fig. 11, in a rotary electric machine 1A in ac-
cordance with a comparative example, each of bobbins
30 is configured such that, as in the bobbin 20B of the
aforementioned embodiment, the winding starting sec-
tion X and the winding finishing section Y of the coil wire
7 do not intersect each other when seen in the axial di-
rection 10a. Further, the respective bobbins 30 employ
the same coil winding method. For that reason, the po-
sitions of the winding starting end portions 7a and the
winding finishing end portions 7b of the coil wires 7 in the
respective bobbins 30 are in the same positional rela-
tionship along the rotation direction. As a result, the de-
gree of freedom in arranging the wire connection patterns
in the substrate 8 becomes lower, and the wire connec-
tion patterns grow complex.
[0031] More specifically, as shown in Fig. 11, in the
rotary electric machine 1A, the winding starting end por-
tions 37a and the winding finishing end portions 37b of
the respective bobbins 30 are alternately positioned
along the circumferential direction. As a result, as shown
in Figs. 12 and 13, in the substrate 38 of the rotary electric
machine 1A in accordance with the comparative exam-
ple, each of the wire connection patterns PU, PV and PW
for interconnecting the winding starting end portions 7a
or the winding finishing end portions 7b of the coil wires
7 of the adjacent bobbins 30 in each of the U-phase, the
V-phase and the W-phase becomes a wire connection
pattern in which other through-hole(s) 38a is interposed
between the winding starting end portions 7a or between
the winding finishing end portions 7b by detouring the
corresponding through-hole(s) 38a. This makes the cir-
cuit patterns complex and makes it necessary to increase
a width spanning from the inner periphery of the substrate

38 to the outer periphery thereof. As a result, this leads
to an increase in the size of the rotary electric machine 1A.
[0032] In the rotary electric machine 1 according to the
present embodiment, as described above, there are em-
ployed two kinds of bobbins 20A and 20B in which the
positions of the winding starting end portions 7a and the
winding finishing end portions 7b of the coil wires 7 in the
bobbins 20A are opposite to those in the bobbins 20B
along the rotation direction. It is therefore possible to form
the circuit patterns of the substrate 8 into predetermined
wire connection patterns by appropriately disposing the
bobbins 20A and 20B (namely, by appropriately inverting
the positions of the winding starting end portions 7a and
the positions of the winding finishing end portions 7b).
This makes it possible to increase the degree of freedom
in arranging the wire connection patterns in the substrate
8. As a result, it becomes possible to simplify the circuit
patterns of the substrate 8.
[0033] Specifically, as shown in Figs. 9 and 10, the
respective wire connection patterns PU, PV and PW are
formed by interconnecting the adjacent through-holes
8a. This makes it possible to simplify the overall circuit
patterns of the substrate 8.
[0034] As a result of the simplification of the circuit pat-
terns of the substrate 8, it becomes possible, as in the
present embodiment, to make the substrate 8 as a dou-
ble-side substrate in which circuit patterns are formed on
the opposite surfaces thereof. Therefore, as compared
with a case where the substrate 8 is made from a multi-
layer substrate, it is possible to reduce the size of the
rotary electric machine 1 and to save the costs. Further,
as a result of the simplification of the circuit patterns, it
is possible to reduce the arrangement area of the circuit
patterns. This makes it possible to increase the space in
the substrate 8 in which a resin for molding the bobbins
20 flows. For example, in the substrate 8 shown in Figs.
9 and 10, as compared with the substrate 38 of the com-
parative example shown in Figs. 12 and 13, it is possible
to increase the opening area just as much as the space
S. Thus, a resin is easy to flow, which makes it possible
to reduce generation of molding defects.
[0035] In the present embodiment, the first groove 24b
and the second groove 24c are formed in the terminal
surface 24a of the substrate mounting portion 24. The
first groove 24b guides the winding starting section X of
the coil wire 7 of the bobbin 20A. The second groove 24c
guides the winding finishing section Y of the coil wire 7
of the bobbin 20A. By guiding the winding starting section
X and the winding finishing section Y of the coil wire 7
with the respective grooves 24b and 24c in this manner,
it is possible to fix routes of the winding starting section
X and the winding finishing section Y and to smoothly
intersect the winding starting section X and the winding
finishing section Y each other when seen in the axial
direction 10a.
[0036] Further, by allowing the winding starting section
X and the winding finishing section Y to pass through the
respective grooves 24b and 24c, it is possible to prevent
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concentration of stresses in the vicinity of the terminal
ends of the coil wire 7 and to enhance the durability of
the coil wire 7. By forming the respective grooves 24b
and 24c (or the grooves 24d and 24e) into a depressed
shape, it is possible to secure a space for guidance of
the coil wire 7. Thus, the substrate 8 can be mounted on
the terminal surface 24a of the substrate mounting por-
tion 24.
[0037] In the present embodiment, the third groove 24d
and the fourth groove 24e are additionally formed on the
terminal surface 24a of the substrate mounting portion
24. Thus, in the bobbin 20A, the coil wire 7 can be wound
using the first groove 24b and the second groove 24c
such that the winding starting section X and the winding
finishing section Y intersect each other when seen in the
axial direction 10a. In the bobbin 20B, the coil wire 7 can
be wound using the third groove 24d and the fourth
groove 24e such that the winding starting section X and
the winding finishing section Y do not intersect each other
when seen in the axial direction 10a.
[0038] Accordingly, it is possible to, using the bobbins
of the same shape, provide two kinds of bobbins, namely
the bobbin 20A in which the winding starting section X
and the winding finishing section Y intersect each other
when seen in the axial direction 10a and the bobbin 20B
in which the winding starting section X and the winding
finishing section Y do not intersect each other when seen
in the axial direction 10a. For that reason, the bobbins
can be manufactured by one kind of mold. Therefore, as
compared with a case where the bobbins are manufac-
tured by two kinds of molds, it is possible to save the
costs. Since the bobbins 20 of one kind are used, man-
agement of the bobbins 20 becomes easier.
[0039] In the present embodiment, at least two pin
holes are provided on the terminal surface 24a of the
substrate mounting portion 24. For example, in the bob-
bin 20A, the winding starting end portion 7a of the coil
wire 7 is wrapped around the pin terminal 9 as the first
pin inserted into the pin hole 24A. The winding finishing
end portion 7b of the coil wire 7 is wrapped around the
pin terminal 9 as the second pin inserted into the pin hole
24B. By wrapping the winding starting end portion 7a and
the winding finishing end portion 7b of the coil wire 7
around the pin terminals 9 in this manner, it is possible
to firmly fix the winding starting end portion 7a and the
winding finishing end portion 7b through the use of a sol-
der or the like. Use of the pins as connecting terminals
makes it possible to connect the winding starting end
portion 7a and the winding finishing end portion 7b of the
coil wire 7 to the substrate 8 in an electrically stable man-
ner.
[0040] In the present embodiment, four pin holes 24A
to 24D are provided on the terminal surface 24a of the
substrate mounting portion 24. Two pin holes 24A and
24C are spaced apart by a predetermined distance in the
rotation direction. Accordingly, the position of the winding
starting end portion 7a of the coil wire 7 in the bobbin
20A (the position of the winding finishing end portion 7b

in the bobbin 20B) can be selected by inserting the pin
terminal 9 into one of the pin holes 24A and 24C. Since
the other second pin holes 24B and 24D are similarly
arranged, it is possible to select the position of the wind-
ing finishing end portion 7b in the bobbin 20A (the position
of the winding starting end portion 7a in the bobbin 20B).
[0041] As a result, in case where the bobbins 20 wound
with the coils of the same phase are disposed adjacent
to each other to provide a wire connection pattern in
which the winding finishing end portions 7b of the adja-
cent coil wires 7 are connected to each other as in the
rotary electric machine 1 of the present embodiment, the
pin hole 24B is selected in the bobbin 20A and the pin
hole 24C is selected in the bobbin 20B such that the
winding finishing end portions 7b of the coil wires 7 are
positioned closer to each other. Thus, it is possible to
make shortest the wire connection patterns PU, PV and
PW for interconnecting the winding finishing end portions
7b. This makes it possible to simplify the circuit patterns.
[0042] Further, in case where the bobbins 20 wound
with the coils of different phases are disposed adjacent
to each other as in the rotary electric machine 1 of the
present embodiment, the pin hole 24A is selected for the
winding starting end portion 7a of the coil wire 7 in the
bobbin 20A and the pin hole 24D is selected for the wind-
ing starting end portion 7a of the coil wire 7 in the bobbin
20B such that the winding starting ends 7a of the adjacent
coil wires 7 are positioned farther from each other.
[0043] Thus, it is possible to secure a distance for the
insulation between the winding starting end portions 7a
of the coils of different phases. By disposing the winding
starting end portions 7a of the coil wires 7 farther from
each other in this manner, a space (a groove 8b shown
in Figs. 9 and 10) in which a resin for molding the coils
flows can be formed in the corresponding position of the
substrate 8. This makes it possible to reduce the influ-
ence of the pressure of the resin on the winding starting
end portions 7a.
[0044] By forming a pair of pin holes with respect to
each of the winding starting end portion 7a and the wind-
ing finishing end portion 7b of the coil wire 7, it is possible
to make different the relative positions of the pin terminals
9 corresponding to the winding starting end portions 7a
and the winding finishing end portions 7b in the bobbins
20 disposed adjacent to each other. Therefore, if the bob-
bins 20 are erroneously disposed (for example, if the bob-
bins 20A or the bobbins 20B are disposed adjacent to
each other), the pin terminals 9 interfere with the sub-
strate 8 without passing through the corresponding
through-holes 8a of the substrate 8 during the course of
mounting the substrate 8. This provides an effect in that
an erroneously disposed bobbin 20 can be identified.
[0045] Further, in the present embodiment, the rotary
electric machine 1 is configured to have a slot combina-
tion of ten poles and twelve slots (10P-12S). In this case,
there can be provided a wire connection pattern in which
the winding starting end portions 7a or the winding fin-
ishing end portions 7b of the coil wires 7 are connected
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to each other. Therefore, the bobbin configuration ac-
cording to the present embodiment is particularly useful.

<Modified Examples>

[0046] The present disclosure is not limited to the em-
bodiment described above but may be differently modi-
fied without departing from the sprit and scope of the
present disclosure. Various modified examples will now
be described.

(1) A case where a substrate mounting protrusion is 
formed on a terminal surface of a substrate mounting 
portion

[0047] In the aforementioned embodiment, the sub-
strate 8 is mounted to the terminal surface 24a of the
substrate mounting portion 24. Alternatively, a substrate
mounting protrusion may be formed on the terminal sur-
face 24a and a gap may be provided between the terminal
surface 24a and the substrate 8. The present modified
example will be described with reference to Figs. 14 to 17.
[0048] As shown in Figs. 14 and 15, the bobbin 20’ of
the present modified example includes a substantially
rectangular parallelepiped protrusion 26 arranged on the
terminal surface 24a of the substrate mounting portion
24. The protrusion 26 has a mounting surface 26a to
which the substrate 8 is mounted. Thus, a gap is formed
between the terminal surface 24a and the substrate 8
mounted to the mounting surface 26a of the protrusion
26. The gap can be used to wrap the end portion of the
coil wire 7. In the present modified example, unlike the
aforementioned embodiment, instead of the first groove
24b and the second groove 24c intersecting each other
when seen in the axial direction 10a, grooves 24f and
24g are formed.
[0049] The groove 24f is a groove that guides the wind-
ing starting section X or the winding finishing section Y
of the coil wire 7. The groove 24g is a groove that guides
the winding finishing section Y of the coil wire 7. In the
present modified example, three pin holes 24A, 24B and
24C for the insertion of the pin terminals 9 are formed on
the terminal surface 24a, and the pin hole 24D is not
formed. Other configurations of the bobbin 20’ in accord-
ance with the present modified example are the same as
the configurations of the bobbin 20 of the aforementioned
embodiment and, therefore, will not be described herein.
[0050] Fig. 16 shows a bobbin 20’A in which the wind-
ing starting section X and the winding finishing section Y
of the coil wire 7 intersect each other when seen in the
axial direction. In the bobbin 20’A, the pin terminal 9 (the
first pin) around which the winding starting end portion
7a of the coil wire 7 is wrapped is inserted into the pin
hole 24A (the first pin hole). The pin terminal 9 (the sec-
ond pin) around which the winding finishing end portion
7b of the coil wire 7 is wrapped is inserted into the pin
hole 24B (the second pin hole). The winding starting sec-
tion X of the coil wire 7 is drawn to the groove 24f around

the protrusion 26 and is guided to the winding starting
position 7c of the trunk portion 21 by the grooves 24f and
24h.
[0051] The winding finishing section Y of the coil wire
7 is a section extending from the winding finishing posi-
tion 7d of the trunk portion 21 corresponding to one corner
of the protrusion 26 to the winding finishing end portion
7b. As in the aforementioned embodiment, the recess
24h enables the winding starting section X and the wind-
ing finishing section Y to intersect each other while avoid-
ing mutual interference. The insertion positions of the pin
terminals 9 shown in Fig. 14 correspond to the bobbin
20’A.
[0052] On the other hand, Fig. 17 shows a bobbin 20’B
in which the winding starting section X and the winding
finishing section Y of the coil wire 7 do not intersect each
other when seen in the axial direction. In the bobbin 20’B,
the pin terminal 9 (the first pin) around which the winding
starting end portion 7a of the coil wire 7 is wrapped is
inserted into the pin hole 24B (the first pin hole). The pin
terminal 9 (the second pin) around which the winding
finishing end portion 7b of the coil wire 7 is wrapped is
inserted into the pin hole 24C (the second pin hole).
[0053] According to the modified example described
above, the bobbins 20’A and 20’B employing two kinds
of coil winding methods can be provided using one kind
of bobbin 20’. It is therefore possible to obtain the same
effects as available in the aforementioned embodiment.
The installation of the protrusion 26 eliminates the need
to form the first groove 24b and the second groove 24c
intersecting each other when seen in the axial direction
10a, which are employed in the aforementioned embod-
iment. This makes it possible to simplify the configuration
of the bobbins.

(2) A case where two kinds of bobbins are used

[0054] In the aforementioned embodiment, the bob-
bins 20A and 20B are provided using the common bob-
bins 20. However, since the bobbin 20B is configured
such that the winding starting section X and the winding
finishing section Y of the coil wire 7 do not intersect each
other when seen in the axial direction 10a, it may be
possible to use, e.g., a bobbin 20C having a structure
shown in Fig. 18 instead of the bobbin 20B. The bobbin
20C includes two grooves 24f and 24g and two pin holes
24F and 24G. As shown in Fig. 19, the winding starting
section X of the coil wire 7 is guided by the groove 24f
while the winding finishing section Y is guided by the
groove 24g. Thus, the winding starting section X and the
winding finishing section Y of the coil wire 7 can be con-
figured not to intersect each other when seen in the axial
direction 10a.

(3) Other modified examples

[0055] In the embodiment and the modified examples
described above, description has been made on a case
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where the present disclosure is applied to the rotary elec-
tric machine having the slot combination of ten poles and
12 slots (10P-12S). However, it may be possible to em-
ploy other slot combinations in which coils having the
same phase but differing 180 degrees in electrical angle
from each other are disposed adjacent to each other. For
example, the present disclosure may be effectively ap-
plied to a rotary electric machine of eight poles and nine
slots (8P-9S), a rotary electric machine of ten poles and
nine slots (10P-9S) or a rotary electric machine of four-
teen poles and twelve slots (14P-12S).
[0056] While the foregoing description has been made
by taking, as an example, a case where the rotary electric
machine 1 is an inner-rotor-type rotary electric machine
having the rotor 3 arranged inside the stator 2, the present
disclosure may be applied to an outer-rotor-type rotary
electric machine having the rotor 3 arranged outside the
stator 2. While the foregoing description has been made
by taking, as an example, a case where the bobbin of
the present embodiment is used in the stator 2 of the
rotary electric machine 1, the bobbin may be applied to
the rotor 3.
[0057] In addition to the above, the embodiment and
the respective modified embodiments may be appropri-
ately combined.
[0058] While not specifically mentioned one by one,
the present embodiment may be changed in many dif-
ferent forms without departing from the spirit thereof.
[0059] It should be understood by those skilled in the
art that various modifications, combinations, sub-combi-
nations and alterations may occur depending on design
requirements and other factors insofar as they are within
the scope of the appended claims or the equivalents
thereof.

Claims

1. A bobbin adapted to be mounted to a stator core of
a rotary electric machine and configured to electri-
cally insulate the stator core from a coil wire to be
wound around the bobbin, the bobbin comprising:

a coil winding portion around which the coil wire
is to be wound; and
a terminal fixing portion to which a winding start-
ing end portion and a winding finishing end por-
tion of the coil wire are to be fixed,
wherein the terminal fixing portion includes a first
groove configured to guide a winding starting
section extending from the winding starting end
portion of the coil wire to a winding starting po-
sition of the coil winding portion and a second
groove configured to guide a winding finishing
section extending from a winding finishing posi-
tion of the coil winding portion to the winding
finishing end portion of the coil wire to intersect
the winding starting section when seen in an ax-

ial direction.

2. The bobbin of claim 1, wherein the terminal fixing
portion includes a third groove configured to guide
the winding starting section and a fourth groove con-
figured to guide the winding finishing section not to
intersect the winding starting section when seen in
the axial direction.

3. The bobbin of claim 1 or 2, wherein the terminal fixing
portion includes at least two pin holes into which a
first pin for wrapping the winding starting end portion
of the coil wire and a second pin for wrapping the
winding finishing end portion of the coil wire are in-
serted.

4. The bobbin of claim 3, wherein the terminal fixing
portion includes two first pin holes spaced apart from
each other by a predetermined distance in a rotation
direction, and two second pin holes spaced apart
from each other by a predetermined distance in the
rotation direction, the first pin is inserted into one of
the first pin holes while the second pin is inserted
into one of the second pin holes.

5. A rotary electric machine comprising:

a bobbin body including the bobbin of any one
of claims 1 to 4 around which a coil wire is wound
such that a winding starting section of the coil
wire intersects a winding finishing section of the
coil wire when seen in the axial direction.

6. The machine of claim 5, further comprising:

a stator having the stator core;
a rotor; and
a wire connection substrate disposed at one ax-
ial end of the bobbin and provided with a wire
connection pattern for connecting the coil wire
in a predetermined wire connection pattern.

7. The machine of claim 6, further comprising:

an additional bobbin body formed by winding an
additional coil wire around an additional bobbin,
wherein the additional bobbin includes an addi-
tional coil winding portion around which the ad-
ditional coil wire is wound and an additional ter-
minal fixing portion to which a winding starting
end portion and a winding finishing end portion
of the additional coil wire are fixed,
the additional bobbin body is configured such
that, when seen in an axial direction, a winding
starting section extending from the winding
starting end portion of the additional coil wire
wound around the additional bobbin to a winding
starting position of the additional coil winding
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portion does not intersect a winding finishing
section extending from a winding finishing posi-
tion of the additional coil winding portion to the
winding finishing end portion of the additional
coil wire, and
the bobbin and the additional bobbin are dis-
posed adjacent to each other in a circumferential
direction of the stator.

8. The machine of claim 6 or 7, which has a slot com-
bination in which coils having the same phase but
differing 180 degrees in electrical angle from each
other are disposed adjacent to each other.
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